Abstract -The effect of Fe (FeO 2 ) nanoparticles on the percentage of germination and root elongation of carrot (Daucus carota), tomato (Solanum lycopersicum), broccoli (Brasica oloracea) and alfalfa (Medicago sativa) was investigated. The seeds were imbibed in solution of nanoparticles at different concentrations i.e., 500 and 1000 mg L -1 and incubated during 14 days. The number of germinated seed was registered at days 3, 7 and 14; the Kotowsky´s coefficient was calculated and the length of the roots was measured at the end of the experiment. The highest Kotowsky´s coefficient value was obtained for all the seeds imbibed in 50 mg L -1 . It was observed inhibition of roots growth in seeds treated at 1000 mg L -1 . It was confirmed an inhibition dependent of the concentration of nanoparticles.
Introduction
The use of nanotechnology in industries such as medicine, energy, cosmetics, and agriculture has increased rapidly, and as such, concerns over the risk of nanomaterial exposure to the environment and to human health have been frequently raised [1] . It is now widely recognized that there is insufficient understanding of the fate and effects of nanoparticles in soil and plant systems. Although nanoparticle (NP) toxicity is still an area of active investigation, several studies have demonstrated negative effects on biota from NP exposure, including genotoxicity and cytotoxicity to plants (Cucurbita pepo L., Solanum lycopersicum L., and Zea mays L.) [2] In our research group was interesting to analyze the effect of Fe nanoparticles (FeO 2 ) on the germination rate and growth of four vegetable seeds: carrot (Daucus carota), tomato (Solanum lycopersicum), broccoli (Brasica oloracea) and alfalfa (Medicago sativa); all of them have an important economic value in the Mexican state of Guanajuato [3] .
Material and Methods

Conditioning of Seeds
Commercial dehydrated seeds were soaked in distilled water during 30 min; after that the seeds were dried and selected.
Description of Treatments
Four treatments were established, a) treatment control (TC): distilled water without nanoparticles; b) treatment T50: Fe nanoparticles at 50 mg L-1; c) treatment T500: Fe NP at 500 mg L-1 and d) treatment T1000: Fe nanoparticles at 1000 mg L-1.
Incubation
The dishes of Wathman ® filter N 50 were imbibed in treatment solution i.e., TC, T50, T500 and T1000 respectively; and placed in Petri dishes; twenty seeds were placed in the Petri dish per triplicate per treatment and kind of vegetable.
The dishes were sealed and incubated at 30±3 °C during 14 days.
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Sampling
The samples were taken at 1, 3 7 and 14 days. The number of germinated seeds was determined during the 14 days and the Kotowski´s velocity coefficient was calculated; the root and rootlets length was measured and the growth rate was estimated.
The statistical analysis was done by using the Tukey´s HSD test using the statistics software SPSS 16 (Statistical Package for the social Sciences, Chicago,IL).
Results
Kotowski´s Coefficient
The velocity coefficient was estimated during 14 days of incubation. 
Germination Percentage and Rootlets Length
After 14 days the percentage of germination for all the seeds was highest for those incubated in Fe-NP at 50 mg L -1 (carrot, 94%; tomato, 80%; broccoli, 83% and alfalfa, 100%), the same behavior was observed for the length of the rootlets for all the vegetables. It was observed statistical difference (p<0.05) between the length of seeds at 0, 500 and 1000 mg L -1 . The smallest growth of the rootlets was registered in seeds incubated at 1000 mg L -1 .
Discussion
Germination is normally known as a physiological process beginning with water imbibition by seeds and culminating in the emergence of the rootlet [4] . However, there are different definitions of seed germination according to its root length: emergence of root, >1mm or > 5mm [5] . In this study, seeds showing emergence of radicle were recorded as being germinated. Seed coat plays a very important role in protecting the embryo from harmful external factors. Seed coats can have selective permeability [6] .
Pollutants, though having obviously inhibitory effect on root growth, may not affect germination if they cannot pass through seed coats. This may explain that seed germination in this study was altered by nanoparticles. The dose-dependent response of seeds was observed in our experiment. The seeds soaked in 50 mg L -1 showed the maximum values for Kotowski´s coefficient and length of rootlets, however at higher concentration i.e., 500 and 1000 mg L -1 the growth of roots and velocity of growth were reduced.
Since roots are the first target tissue to confront with excess concentrations of pollutants, toxic symptoms seem to appear more in roots rather than in shoots [7] . Further analysis will be done in order to describe the impact of Fe-NP on the growth of shoots in soil and greenhouse conditions.
Conclusion
In conclusion we report in this study the effect of Fe nanoparticles on the germination and growth of four important seeds in the Mexican state of Guanajuato. It was important to review what could be the effects on the agricultural productivity in soils in case of been polluted with nanoparticles. It was important to observe that the growth rate was positively affected by nanoparticles at low concentration of FeO 2 NP, however a negative effect was detected when the seeds were incubated at 1000 mg FeO 2 L -1 .
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Currently, some analyses are being developed trying to explain the localization of the nanoparticles and its effect on the protein expression.
